Bioactivity of well-defined green tea extracts in multicellular tumor spheroids.
The effect of green tea extracts (GTE) of a reproducible, well-defined composition on cellular viability, proliferation, and antioxidant defense was investigated in multicellular spheroids derived from WiDr human colon adenocarcinoma cells. The maximum GTE concentration investigated, i.e. 100 micro g GTE/ml, was equivalent to the plasma concentration commonly measured in humans drinking 6-10 cups of green tea per day. This GTE concentration lead to a substantial retardation of spheroid volume growth with diameters reaching only half the size of untreated aggregates. Flow cytometric analysis and immunocytochemistry showed an enhanced accumulation of cells in G2/M and in the non-proliferating compartment, respectively. The emergence of central necrosis occurred at larger spheroid diameters compared to control conditions leading to a significant increase (p<0.05) in the thickness of the viable cell rim (mean +/- SD) from 240+/-49.9 micro m to 294+/-69.5 micro m. This was associated with an elevation of the intracellular GSH concentration and, thus, of cellular antioxidant defense, as shown by HPLC analysis. A considerable toxicity, however, was found at these GTE levels in single cells. Cells did not adhere to culture dishes nor did they aggregate to form spheroids when plated as a suspension with GTE already in the culture medium. The findings show that green tea constituents interfere with early phases of tumorigenesis at a cellular level, e.g., by reducing cell-substratum and cell-cell interaction, enhancing G2/M arrest, and retarding spheroid volume growth. The differences in GTE effects between single cells and cell spheroids underline the importance of inclusion of spheroids in pharmaco-/toxicological testing.